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Abstract 

Centering is a family of theories of cohesion, the linkage among utterances. Entities (especially 
those expressed by noun phrases) are tracked through successive utterances, with empahsis on 
entities which are especially salient because of their syntactic prominence. Such tracking enables 
a classification of utterance-to-utterance transitions, ranked by respective cohesiveness. By con-
mputing all possible interpretations of the current utterance and selecting the one which would 
provide the most cohesive transition, it is possible to resolve the reference of many pronouns, 
including zero pronouns. This report describes CNTR, an implementation of a representative cen-
tering approach using ASURA's transfer system, b邸 edon suggestions by Masaaki Nagata. Full 
code and programmer-oriented instructions are provided, as well as suggestions for future exper-
iments. The mechanisms described here are fully compatible with pronoun resolution techniques 
already implemented in ASURA, especially Dohsaka's use of honorific information. 



1 Introduction 

When we want to find the reference for a pronoun, or zero pronoun, or definite NP, we need to 
know which entities (generally noun phrase) have been mentioned until now in the discourse and 
how salient they are. That is, we need models of short-and long-term memory and attention. 

Currently, the dominant approach to modeling sho仕—term memory and attention is centering. It 
tells us which entities among the recently mentioned entities are most salient, or likely to receive 
attention. "Recent" here means "in the last few utterances". Because these recent and salient 
entities should be accessible for both the speaker and the listener, the speaker assumes that the 
listener can identify them easily. So when the speaker wants to refer to them in the next utterance, 
s/he will probably not use a full form; instead, s/he will use reduced forms like pronouns or zero 
pronouns. One of the salient entities will become the theme ("backward-looking center") of the 
next utterance -that is, its main connection to the preceding discourse, the known entity which 
the utterance will give new information about. 

How do we know which entities in short-term memory are most salient, and thus most likely to 
be expressed in reduced form in the next utterance, or most likely to become its theme? By using 
a hierarchy of salience, which for instance can say that a grammatical topic (marked with wa) is 
more salient than various sorts of object (marked with wo, ni, etc.). We also can observe how 
salience tends to change from utterance to utterance -that is, what sorts of transitions are most 

likely. 

While centering is the most established approach to pronoun resolution, it is certainly not the 
only one. There are several specialized approaches, such as Dohsaka's use of honorific information 
to resolve Japanese zeros [Dohsaka 1990]. 

A few other examples of specialized techniques are provided by [N asukawa 1994]. This paper 
applies the two techniques below to Japanese texts: 

• Collocation (modifiee-modifier) relationships can be extracted from the text, even without 
the use of a full parse. Having seen a sentence He moved his residence, we learn that residence 
can be the object of the verb move. We can then use this information邸 aselectional 
constraint to resolve the pronoun it in a sentence like The castle in Camelot remained the 
residence of the king until 536 when he moved it to London. Repeated collocation patterns 
can be recognized and exploited: using a C邸 eRole Persistence Rule, we prefer resolution 
candidate noun phrases that filled the same role in previous utterances as a reduced form 
plays in the current one: In Mary gave an apple to Susan. John also gave her an apple, her 
refers to Susan, not Mary. Syntactic parallelism can be used in a similar way: The girl scout 
leader paired mary with Sits an, but she (the leader) had paired her (Mary) with Nancy last 
time. 

• The frequency of appearance of a noun phr邸 ein the utterances preceding a reduced form 
can give an indication of its salience, and thus its priority as a resolution candidate. 

Such specialized techniques can be compared with, and combined with, centering-based ap-
proaches. 

Are centering models effective models of short-term memory and attention and their effects on 
reference? [Takada and Doi 1994] claim the ability to correctly identify 76 percent -81 percent of 
the Japanese pronouns and zero pronouns in certain corpora without the use of a global focusing 
model [Grosz and Sidner 1986], a 5-6 percent improvement over previous versions. It would be 
instructive to check these numbers for our corpora. Use of specialized techniques might add several 
percent above the raw centering scores for Japanese. Below, we compare the approach of [Takada 
and Doi 1994] with other current techniques. 
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While centering models are designed to handle reference problems, they also provide part of the 
information necessary for determining whether noun phrases are definite in English, German, 
and other European languages. While this determination is not as important for communication 
as pronoun resolution, it provides an additional reason for experimentation with centering-type 
studies. 

To enable experimentation in AS URA, CNTR, a set of prototype programs based on proposals by 
Masaaki Nagata (personal communication) has been implemented using ASURA's RWS transfer 
system [Hasegawa 1990). This report describes the programs and provides theoretical background 
necessary for understanding them. Full code and programmer-oriented instructions are given, and 
suggestions are made regarding future experiments. 

The mechanisms described here are fully compatible with pronoun resolution techniques already 
implemented in AS URA, especially Dohsaka's use of honorific information. If work on ASURA is 
discontinued, the CNTR programs can be used as models when writing similar programs for other 
parsers. 

2 Summary of Centering, Comparison of Approaches 

This section reviews basic centering ideas and briefly compares several approaches: [Walker, Iida, 
and Cote 1992], [Kameyama 1985, 1986, 1988], and recent suggestions by [Takada and Doi 1994]. 

2.1 Linkage Between Utterances 

Centering is a family of theories concerning the linkage, or connection, between utterances. Se-
quential utterances are linked -and thus potentially coherent -if they both refer to the same 
discourse entity or entities: for instance, Taroo may be a referent in both Ul and U2. (Entities 
are usually semantic objects expressed by NPs, but propositions expressing clauses, too, may be 
handled in future versions of the theory). "Center" is sometimes used as an alternative name for 
entity 

2.2 The Meaning of Salience 

Entities (or centers) have differing degrees of salience. If entityl (Taroo) is called more salient 
than entity2 (Hanako), this means that it can be identified more easily by discourse participants. 
(The underlying cognitive reason is not made explicit. Perhaps a salient entity is more active in 
short term memory or more accessible in long-term memory.) 

2.3 Degrees Of Salience 

Salience may be indicated in several ways by language producers, but the most important indica-
tor for current theories is grammatical function. For example, in [Kameyama 1986] the following 
(incomplete) hierarchy is important for Japanese: (TOPIC (WA)> SUBJECT (WA/GA)> OB-
JECT (WO)/OBJECT2 (NI) > OTHERS, i.e. oblique, possessor, etc.) It may also be important 
to know whether or not an entity has already been expressed as a reduced form (pronoun or zero), 
since only very salient entities are expressed in this way. 
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2.4 Cp And Cb 

The most salient entity in the current utterance Ui is called its preferred center, or Cp. The most 
salient entity in Ui-1 (the last utterance) which occurs in Ui is called its backward-looking center, 
or Cb. Among all of the links or shared entities between the current utterance (Ui) and the last 
one (Ui-1), the Cb is the entity in the current utterance (Ui) that was the most salient or easiest 
to identify in the last utterance (Ui-1). We also need a way to refer to the full set of entities in an 
utterance: they are the Cf, or forward-looking centers. Cf members may become referents of the 
next utterance. (There is some disagreement about terminology: in [Kameyama 1985, 1986] and 
[Takada and Doi 1994], Cf refers to the full set minus the Cb.) 

2.5 The Relation Between Salience And Linkage 

As mentioned, centering theory concerns linkage between consecutive utterances. More exactly, 
it concerns the relation between salience and linkage. For instance, will the most salient entity in 
this utterance be the most salient in the next utterance, too? (Will the Cp of Ui -which is by 
definition the Cb of Ui+l -also be the Cp of Ui+l?) 

This question is important in all recent versions of the theory, though the terminology varies from 
version to version. 

2.6 Transitions And Their Likelihood 

We call a sequence of two utterances a transition. Some transition types apparently give a stronger 
sense of continuity or coherence than others, and in this sense are more expected. 

For instance, as we will see below, a transition in which the most salient entity in both utterances 
is the same entity, (Cb(Ui) = Cp(Ui)), is apparently more canonical, and felt by listeners to be 
easier to interpret, than a sequence in which this condition fails. 

One can observe several such factors and their combinations to give a scale of transition likelihoods. 

2. 7 Application To Reference Resolution 

When several reduced forms are used in an utterance, their reference must be resolved. In the 
worst case, the number of possible interpretations could be equal to the number of permutations 
of reduced forms against possible referents from the previous utterance. (Note: Centering theo-
ries themselves have focused on the relation between two consecutive utterances. Long-distance 
reference requires a separate theory, e.g. of global focusing.) Actually, constraints on co-reference 
and semantic selectional constraints permit the elimination of some candidate combinations, but 
multiple possible combinations may remain. 

However, transition likelihoods can rank any remaining interpretations: e.g., "Under Jnterpreta-
tionl, the most salient entity in both utterances would be the same, (Cb(Ui) = Cp(Ui)); but this 
is not so under Interpretation2. Thus Interpretationl is more likely." 

We have now presented the main elements of (generic) centering theory and its application to 
reference resolution. We can go on to briefly compare three approaches. 
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2.8 Three Centering Approaches Compared 

Walker et al In (Walker et al 1992], transitions are considered mainly in terms of two factors: 

• (a) Is Cb(Ui) equal to Cp(Ui)? Does the most salient entity remain the same from utterance 
to utterance? Recall that the Cb of Ui indicates the most salient entity of Ui-1 which appears 
in Ui; and Cp of Ui is the most salient entity of Ui. 

The first step in shifting Cbs -that is, in shifting a discourse "about" entityl and making 
it "about" entity2 -is to make a transition in which the most salient entity of Ui-1 (the 
previous utterance) and Ui (the current utterance) are not the same. 

• (b) Is Cb(Ui-1) equal to Cb(Ui)? Does the backward-looking center remain the same from 
utterance to utterance? As just described, if the most salient entity shifts between e.g. Ul 
and U2, then between U2 and U3 the discourse link (Cb) will shift. (This follows from the 
definition of Cb: it is the most salient entity in Ui-1 which is also in Ui.) The link between 
Ul and U2 -the most salient entity in Ul which is also in U2, the Cb of U2 -will not be the 
same as the link between U2 and U3, the Cb of U3. In this way, a discourse which has been 
"about" entityl (because entityl is the link during transition Ul-U2) becomes a discourse 
"about" entity2 (because entity2 is the link during transition U2-U3). 

By permuting these factors, we get four possible transition types, presented in order of likelihood: 

• Continue: (a yes, b yes) Discourse link, Cb, continues during the transition, and that 
entity remains the most salient in the second utterance. In the next transition, the Cb will 
remain the same: the discourse will continue to be about the entity which has been most 
salient in both utterances of the Continue transition. 

• Retain: (a no, b yes) Discourse link, Cb, continues during the transition, but that entity 
is no longer the most salient in the second utterance. In the next transition, the Cb will 
shift: the discourse will then be about the entity which moved into the most salient position 
of the second utterance of the Retain transition. 

• Smooth-Shift: (a yes, b no) (Following a Retain transition) The discourse link, Cb, shifts 
between the first and second utterance. Furthermore, the most salient entity in Ul continues 
to be the most salient in U2. 

• Shift: (a no, b no) (Following a Retain transition) The discourse link, Cb, shifts between 
the first and second utterance. However, the most salient entity in Ul is not the most salient 
in U2. 

Here's an example showing all four transition types. This saliency hierarchy is used: TOPIC > 
EMPATHY> SUBJ > OBJ2 > OBJECT> OTHERS 

(EMPATHY is an indication of viewpoint in Japanese utterances with kureru, ageru, etc. For 
instance, in Taroo ga ziroo ni hon wo kureta, Ziroo is the locus of empathy. Kameyama notes 
that this terminology is misleading since it suggests an emotional involvement, and substitutes 
the term IDENT, for identification.) 

In the examples, possible interpretations appear as Cf listings, with entities in salience order. 
Notice that two interpretations are possible for the final utterance. Since Smooth-Shift transitions 
are preferred over Shift transitions for Walker et al, they predict that the恥stinterpretation will 
be preferred -and 32 out of 34 informants agreed. 
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(a) Taroo ga kooen de hon wo yondeimashita. 

Taroo SUBJ park at book OBJ reading-was. 
Taroo was reading a book in the park. 
Cb: [?] Cf: [Taroo/SUBJ, book/OBJ] NO TRANSITION 

(b) 0 cola wo kai ni baiten ni hairimashita. 

SUBJ cola OBJ buy to shop into entered 

He entered a shop to buy a cola. 
Cb: [Taroo] Cf: [Taroo/SUBJ, ~ola/OBJ] CONTINUE 

(c) Ziroo .:,a O sokode guuzen dekuwashimashita. 
Ziroo TOP/SUBJ OBJ there by chance met. 
Ziroo met him there by chance. 
Cb: [Taroo] Cf: [Ziroo/TOP, Taroo/OBJ] RETAIN 

(d) 0 0 eiga ni sasoimashita. 
SUBJ OBJ movie to invited 
He invited him to a movie. 

Cb: [Ziroo] Cf 1: [Ziroo/SUBJ, Taェoo/OBJ]SMOOTH-SHIFT (32 people) 
Cf2: [Taroo/SUBJ, Ziroo/OBJ] SHIFT (2 people) 

After presenting their treatment of transitions, Walker et al discuss the relative salience of TOPIC 
and EMPATHY in Japanese. (To handle certain ambiguities, they also propose a Zero Topic 

Assignment rule which is beyond the scope of this short review.) 

Kameyama An earlier treatment of transitions was that of [Kameyama 1986, 1988]. Kameyama's 
suggestion is that the interpretation of Japanese zeros depends on a default preference hierarchy of 
the properties to be shared between the antecedent and the zero. This property-sharing constraint 

is as follows: 

Two zero-pronouns in adjacent utterances which both specify the same discourse entity must 

share one of the following properties (in descending order of preference): 1) both IDENT and 
SUBJECT, 2) IDENT alone, 3) both NONIDENT and NONSUBJECT, 5) NONSUBJECT alone, 
or 6) NONIDENT alone. (IDENT is Kameyama's preferred term for EMPATHY -an indication 

of viewpoint in sentences with kureru, ageru, etc.) 

Sentences with one and only one zero receive special treatment: there is a default preference 

order among full NPs considered as the potential antecedent: TOPIC > IDENT > SUBJECT > 
OBJECT(S) > OTHERS. 

Walker et al describe themselves as building on top of this earlier work. Kameyama's formulation, 

they believe, covers many of their examples if one assumes that SUBJECTS become EMPATHY 
loci by default. However, they discuss several types of sequences in which Kameyama's formulation 
gives no prediction, or the wrong one. 

Takada and Doi In the salience hierarchy of her dissertation work [Kameyama 1985], Kameyama 
tries to model the effect of prior reduced expression on salience: the Cb of an utterance comes 
to have special salience, and ranks higher than any grammatical function. However, if there are 
multiple zero pronouns or referring pronouns (e.g. kanojo) in an utterance, only one of them can 

become the backward-looking center, thus gaining special salience and priority. In contrast, any 
other zero or explicit pronouns get no special treatment, and are treated in the same、vayas fully 

expressed NPs. [Takada and Doi 1994], however, propose that such reduced forms should actually 
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be considered more salient than fully expressed forms. Their main point: If an entity is referred 
to by a reduced form once, this indicates its high salience, so the same entity is increasingly likely 
to be expressed by a reduced form again. 

For example, given a zero pronoun encoding Saburo and an overt form Ziroo encoding the entity 
Ziroo in some utterance, and given a single zero pronoun in the next utterance which could refer 
to either Saburo or Ziroo according to the salience hierarchy, the more likely referent is Saburo. 

To implement this suggestion, rather than a single Cb plus a list of Cfs, Takeda and Doi propose 
two lists, a Center List (entities in a sentence that have become zero or explicit pronouns) and a 
Possible Center List (entities in a sentence that were overtly expressed). In this treatment, there 
can thus be more than one Center in the Center List, and any Center (in their terms, any entity 
which has already been expressed as a reduced form) ranks higher than a mere Possible Center 
(any entity which has not been expressed by a reduced form). However, some Centers rank higher 
than others, just as, in the older theories, some Possible Centers (Cfs) rank higher than others. 

Their experimental implementation is described in helpful detail. One detail is of special interest. 
Although their basic mechanism can see antecedents only in the previous utterance, they avoid 
the need for a global focusing stack [Grosz and Sidner 1986]. Antecedents which are further back 
are handled in an ad hoc, but apparently effective, manner, using two additional lists: the Past 
Center List (entities that have previously been a zero or explicit pronoun but do not appear in the 
current utterance) and the Noun List (en ti ties that have never been a zero or explicit pronoun). 
Contents of these lists are limited to entities in the three previous utterances. 

Interpretation of the current sentence proceeds as follows: Each entity in the four lists receives a 
salience score. Respecting constraints on co-reference and semantic type, find all possible com-
binations of antecedents from the four lists. Since each antecedent has a score, the total score 
for a combination can be a simple sum of the antecedent scores (plusしonusscores according to 
Kameyama-style "property-sharing" constraints). Choose the best scormg interpretation, update 
the four lists, and move on. 

3 Basic Programs for Centering in ASURA 

We now describe the programs and use of CNTR. 

3.1 Preparations for Transfer Load 

As CNTR is build to run within the AS URA transfer system, the first task is to bring that system 
up. As the programs are not presently under active development, this can be difficult. Below is 
the very specific procedure used to enable transfer load on as24 on 94/12/06. It should of course 
be adapted for other machines. 

1. Copy as26:/DB/oldproject/asura/develop/translation/transfer/* to as24. 

It proved desirable to copy files because of problems with paths in compiled files. 

2. Make customized files 

as24:/usr /project/ asura/ develop /translation/ transfer /load-basic.lisp .941206 .1345 

as24:/usr /project/ aBura/ develop /translation/transfer /rws-v2 /load-dtm-mset-index.lisp .941206 .134 7 

Listings of these files are below. 

3. In file ... 
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…transfer /rws-vs/ compiler /hostname_tbl.h 

enter line 

"as24", "/usr /project/ asura/ develop /translation/transfer /rws-v2/ compiler /rws2.0", 

and increment _HOSTNUMBER if necessary 

4. In directory 

as 24: /usr /project/ asura/ develop /translation/transfer /rws-v2 /compiler/ 

at Unix prompt, do 

MAKE CLEAN 

5. In the same directory, do 

MAKE SCL 

SCL stands for Sun Common Lisp. 

6. In the same directory, do 

MAKE 

7. In Lucid Common Lisp 4.0 

(load "/usr /project/ a:sura/ develop /translation/transfer /load-basic.lisp.941206.1345") 

during load, answer C (compile) to all prompts 

Following are listings of the customized load files mentioned above. 

********************************** 
; ; ； as24c[/usr/project/asura/develop/translation/transfer/load-basic.lisp.941206.1345 

********************************** 

; ; ; load-basic. lisp 

; ； ; 941205 

; ； created by ms by hand to match earlier hard copy 

------------------------------------ -------， 

; Loading Transfer System 

------------------------------------- ------------ --， 

(in-package'user) 

(defvar *default-home-directory* 11/usr/project/asura/develop/translation/") 

(defvar user: :*demo_home_directory* 11/usr/project/asura/develop/translation/11) 

(setq *diana-exec-flg* nil) 

(setq *use-diana-p* nil) 

; sentence translation system 

(load (merge-pathnames "transfer/rws-v2/load-dtm-mset-index" 

*default-home-directory*)) 
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;;;end 

********************************** 
as24c[/usr/project/asura/develop/translation/transfer/rws-v2/load-dtm-mset-index.lisp.941206.13ヽ

********************************** 
; ; ; 941205 

; ; ； load-dtm-mset-index.lisp 

; ; ； changed by ms by hand to match hard copy 

; ; ; mode -*-co皿non-lisp base: 10 

''' 

(in-package'rws) 

(when (boundp'USER: :*DEMO_HOME_DIRECTORY*) 

(setf *RWS-TRANS-DIRECTORY* 

(concatenate'string USER: :*DEMO_HOME_DIRECTORY* "transfer/"))) 

（口hen(boundp'USER: :*DEFAULT-HOME-DIRECTORY*) 

(setf *RWS-TRANS-DIRECTORY* 

(concatenate'string USER: :*DEFAULT-HOME-DIRECTORY* "transfer/"))) 

(when (and (boundp'*RWS-TRANS-DIRECTORY*) 

(not (boundp'*RWS-HOME-DIRECTORY*))) 

(setf *RWS-HOME-DIRECTORY* 

(concatenate'string *RWS-TRANS-DIRECTORY* "rws-v2/"))) 

(import'lucid: :define-c-function) 

(defvar *HDST_LIST* nil) 

(defvar *HDST_as24* 

(cons 'as24 "/usr/project/asura/develop/translation/transfer/11)) ; くくくくくくくくくくくくくくくくく941205was 

(defvar *HDST_as26* (cons'as26 "/usr2/project/asura/develop/translation/transfer/")) 

(defvar *HDST_as12* (cons'as12 "/mnt/as26/usr2/project/asura/develop/translation/transfer/")) 

(defvar *HDST_as20* (cons'as20 "/mnt/as26/asura/develop/translation/transfer/")) 

(defvar *HDST_as28* (cons'as28 "/mnt/as26/usr2/project/asura/develop/translation/transfer/")) 

(setq *HDST_LIST* 

(list *HDST_as26* *HOST_as12* 

*HOST_as20* *HDST_as24* *HDST_as28*)) 

, , , define C function 

(define-c-function (c_gethostname "_c_gethostname") (buf) 

: result-type :string) 

, ,, loading C function 

(setf c-obj ect "libc. o") 

（口hen(boundp'*RWS-HOME-DIRECTORY*) 

(setf c-object (concatenate'string *RWS-HDME-DIRECTORY* "libc.o"))) 

(lucid: : loadゴoreign-files (list c-object)) 

; ； ; LISP function Calling compiler! 

(defun real-module-name() 

(setq pathname 11 11) 

(setq hostname (c_gethostname pathname)) 

(let ((s-hostname (read-from-string hostname))) 
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(print s-hostname) 

(if (assoc s-hostname *HOST_list*) 

(cdr (assoc s-hostname *HOST_LIST*)) 

(loop 

(format t "Please Input Path==> ") 

(terpri) 

(setq s-hostname (read-line)) 

(when (stringp s-hostname) 

(return s-hostname)))))) 

(print *HOST_LIST*) 

(unless (boundp'*RWS-TRANS-DIRECTORY*) 

(setf *rws-trans-directory* (real-module-name))) 

(unless (boundp'*RWS-HOME-DIRECTORY*) 

(setf *RWS-HOME-DIRECTORY* 

(concatenate'string *rws-trans-directory* "rws-v2/"))) 

(unless (boundp'*RWS-RULE-DIRECTORY*) 

(setf *RWS-RULE-DIRECTORY* 

(concatenate'string *rws-trans-directory* "rules/gramrnar-mset/"))) ; "transfer/rules/dtm9308/' 

(unless (boundp'*RWS-RULE-FILE*) 

(setq *RWS-RULE-FILE* 

(concatenate'string *rws-trans-directory* "rules/gramrnar-mset/rws.data"))) ; "transfer/rules/< 

; ； (cd *RWS-HOME-DIRECTORY*) 92. 11. 26 

(load (merge-pathnames "engine/load.lisp" *RWS-HOME-DIRECTORY*)) 

(load (merge-pathnames "engine/rws-id" *RWS-HOME-DIRECTORY*)) 

; (load "type/thesaurus") 

(load (merge-pathnames "type/load" *RWS-HOME-DIRECTORY*)) 

(load (merge-pathnames "compiler/load-v2.lisp" *RWS-HOME-DIRECTORY*)) 

; ； (in-package'rws) 

(load (merge-pathnames "context/context-load.lisp" *rws-home-directory*)) 

; ； (load "rws-v2/tolls/help") 

(in-package'user) 

(load (merge-pathnames "rws.index" RWS: :*R訳S-RULE-DIRECTORY*))

3.2 Transfer Load and Transfer Invocation 

Once the above preparations are complete, load of the Lisp file TRANSFERFNS.LISP (Appendix 

2) should proceeded without problems. This file performs the actual transfer system load, and also 

includes several useful programs for running and debugging transfer rules. Especially important 

for present purposes is the function DT ("do transfer"). The head of its definition is shown below. 

(defun dt (number &key 

(debug-transfer nil) 

(debug-centering nil) 

(initialize-centering nil) 

(interactive-centering nil)) 

．．．） 

NUMBER is the index to an analysis output ("anout") feature structure (FS) which must be 

transfered from its original Japanese form to an English or German form suitable for generation 

input. The 262 anouts of the MSET, as used in the first major CSTAR demo, are loaded into 

Lisp during the load of TRANSFERFNS.LISP. The simple program call 
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(dt 1) 

will for instance invoke transfer for the first utterance of the first dialogue, transforming an anout 

containingもしもし toan appropriate English structure ("transout") containing HELLO. 

The keyword arguments to DT enable transfer debugging; but more important for our purposes 

now are the last three keywords, which affect centering: DEBUG-CENTERING, INITIALIZE-

CENTERING, and INTERACTIVE-CENTERING. The first enable several printouts useful for 

understanding the operation of the centering programs. The last two will be explained below. 

3.3 Transfer Rules Modified for CNTR 

CNTR is designed to provide a more general alternative for a number of relatively ad hoc rules 

which have been used in the past in ASURA to resolve zero pronouns. For instance, rule elps038 

is specialized to resolve zero arguments for the Japanese verb送る only.The rule is listed as an 
example in Appendix 2, and repeated here for convenience. 

; ; ;For DISPLAY ONLY!! During demo running Da-06 and Da-10. 

; ；； AD HOC RULE for setting RECP to HEARER for translation of Da10. 

; ; ； "Well then, I'll send YOU a registration子orm."

; ； ; "Also gut, ich werde IHNEN ein Anmelde士ormularschicken." 

; ; ； Made unnecessary by Centering programs. For demo, commented out 

; ；； --not used, because not needed. 

;;[IR]****************************************************** 
; ； [IR] ; ; ; M-SET No. 10 (d年 10) それでは、登録用紙をお送り致します。

; ; [IR];;; M-SET No. 50 (di-13) それでは、登録用紙をお送り致します。

; ; [IR];;; M-SET No.132 (d5-16)後日プログラムと予稿集をお送り致します。

; ; [IR] ; ; ; M-SET No. 206 (d8-24)では早速お送り致します。

; ; [IR]****************************************************** 
; (r-ws:defr-wschema2 elps038 V RE 

; "on <obje reln>送る一1IN :MOOD :DECLARATIVE 

＼＂動作動詞の現在形の平叙文の主語―->一人称＼＂
in= [ [reln UNKNOWN-IFT] 

'' 

[agen ?agen] 

[recp ?recp] 

[obje [[reln送る一1] ; ; ; ?action] 

[aspt unrl] 

?rest]]] 

if input. obj e. agen =? [] and (?action =? $送る一1or ?action=?$同封する一1

if input.obje.agen =? [] ; ; ;and ?action=? $送る一1

then 

input.obje.agen = input.agen 

endif 

if input. obj e. recp =? [] and (?action =? $送るー1or ?action=?$同封する一1
if input. obj e. recp =? [] ; ; ; and ?action =? $送る一1

then 

input.obje.recp =•input.recp 
endif 
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， RETURN INPUT 

; end") 

For CNTR experiments, a version of the AS URA transfer rule set (all.euc) was prepared in which 

most such rules have been commented out. 

In compensation, the rules which handle verbs are to be altered in order to invoke CNTR during 

their operation (that is, after they are matched but before they complete their rewriting operation). 

Here are the two rules which were altered in this way for demo purposes. The old versions of the 

rules must be explicitly removed from virtual memory.1 ¥Ve show the old rules and the system 

function calls which remove them. (Again, we repeat for convenience material which is included 

in Appendix 2.) 

(rws: :remove-rw-rule2'defv309) 

; ; ； 940406 rule added for demo 

; ; ； Commenting out centering rule for cannonical mset load. 

(rws:defrwschema2 center002 t t 

"on <reln>持つー1in :PHASE :J-E :Type :Default 

in= [[reln持つー1] ; くく

[aspt ?aspt] ;≪added constraint 

[agen ?agen] 

[obj e ?obj e] 

?rest] 

¼(rws: :resolve-zero-pronouns-by-centering pairlis) 

out= [[reln have-V-1] ; くく

[aspt ?aspt] ;≪added constraint 

[agen ?agen] 

[obj e ?obj e] 

?rest] 

end" 

; ; ;Comment out or remove following transfer rule for demo use of sentence Da-06 (no.6) 

; ； ; replaced by center002 

; (rws:defrwschema2 defv309 V もっ

; "on <reln>持つー1in :PHASE :J-E :Type :Default 

， 

in= [ [reln持つー1]

[AGEN ? AGEN] 

[OBJE ?OBJE] 

?rest] 

out= [[reln have-V-1] 

[AGEN ? AGEN] 

[OBJE ?OBJE] 

?rest] 

; end") 

;;; -------------

1Bew紅 e!Due to an apparent system bug, 叫 eremovals must be executed before entering the definitions for 
replacement rules. In reverse order, the replacement rules seem to be removed as well as a side effect. 
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(rws: :remove-rw-rule2'defv046) 

(rws:defrwschema2 center003 t t 

"on <reln>送る一1in :PHASE :J-E :Type :Default 

in= [ [reln送る一1]

[AGEN ? AGEN] 

[RECP ?RECP] 

[DBJE ?DBJE] 

?rest] 

¼(rws: :resolve-zero-pronouns-by-centering pairlis) 

out::: [ [reln send-V-1] 

[AGEN ? AGEN] 

[RECP ?RECP] 

[OBJE ?OBJE] 

?rest] 

end") 

;; ;Comment out or remove following transfer rule for demo use of sentence Da-10 (no.10) 

; ; ； replace by center003 

; (rws:defrwschema2 defv046 Vおく

; "on <reln>送る一1in :PHASE :J-E :Type :Default 

'' 

'' 

， 

in= [[reln送る一1]

[AGEN ? AGEN] 

[RECP ?RECP] 

[OBJE ?DBJE] 

?rest] 

, , , (dS-6)まず 2百字の要約を 3月20日までにこちらまでお送りください。

if input.dest == input.recp then 

out= 

delete dest from ?input 

endif 

[[reln send-V-1] 

[AGEN ? AGEN] 

[RECP ?RECP] 

[DBJE ?OBJE] 

?rest] 

; end") 

3.4 The Top-level CNTR Function 

Note a Lisp function call within the two replacement rules, (RWS::RESOLVE-ZERO-PRONOUNS-

BY-CENTERING PAIRLIS), enabled through the use of the percent sign. This special character 

allows an escape to Lisp during rule operation. 

This function is CNTR's top-level function. Its only argument is the function parameter MY-

PAIRLIS. The value of the transfer system variable PAIRLIS should always be passed in to this 

CNTR function as shown. 
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PAIRLIS is a variable defined within the transfer system which contains bindings for various rule 
variables. It is called P..¥.IRLIS because it is a list of pairs, where each pair is a rule feature and 
its binding, which is local to the rule. PAIRLIS itself is not a global transfer system variable, but 
rather is local to the functions which operate during rule use. If its value is not passed as shown, 
the CNTR programs cannot access it. 

3.5 Overview of CNTR's Operation 

Once CNTR's top-level program receives a list of pairs via PAIRLIS, it takes the following steps: 

• Within the PAIRLIS pairs, separate zero and non-zero arguments. Zero arguments represent 
zero pronouns which must be resolved. 

• Compute possible interpretations by finding all possible (allowable) combinations of binding 
for the zeros. Candidate bindings are the entities (feature structures) made available by the 
*forward-looking-centers* of the previous utterance, Ui-1. (In the special case that there 
were no zero arguments, only one interpretation is possible.) 

• Eliminate any interpretations which violate constraints. At present, CNTR can eliminate 
coreference violations (see below), but cannot recognize or eliminate type violations. 

• Each surviving interpretation will have been tagged with a transition type. Using a hierarchy 
of transition types as explained in a previous section, select the highest-scoring interpretation. 
(Or, if the the function DT has been invoked with a non-nil :INTERACTIVE-CENTERING 
keyword argument, present a menu of possible interpretations to the user for interactive 

selection. 

Permutat10ns The only programs within CNTR which may be difficult to follow are those 
which find all possible combinations of zero and non-zero arguments to compose possible "bare 
interpretations", i.e. potential forward-looking-center sets. The difficulty arises because of the 
combinatorics: in a way familiar from statistical study, one must find all possible ways of matching 
a set of candidates against a set of zeros. This is done within the recursive function PERMUTE-
ALL-POSSIBLE-INTERPRETATION-SETS. We will not review the computation in detail here, 
but those interested in altering the process should attend carefully to the debug printouts between 
"Computation of possible interpretations STARTS" and" Computation of possible interpretations 

ENDS". 

During this stage, potential interpretations in which different features share any bindings are 
eliminated (III.E. 1, filtering co reference violations). 

Identifying Centers "Bare interpretations" (forward-looking-center sets) are augmented as 
CNTR runs to become complete interpretations. Each complete interpretation is a list with four 
fields (see III.C): 

transition-type 
backward-looking-center 
preferred-center 
forward-looking-centers 

The subroutine calls which augment interpretations can be seen in III.F: Calculating a preferred 
center involves finding the element in the interpretation which scores highest on the syntactic 
hierarchy *center-salience-ranking*. 
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Unfortunately, there is a complication: ASURA's analysis output presently delivers features whose 
names are cases (like agen) rather than true syntactic functions (like subj). Thus it is necessary 
to intermap these notations -internally, converting case notation to syntactic notation -before 
sorting. Note a warning in the code: The present mapping is for demonstration only, and does 
not address potential problems of ambiguous mappings. 

Calculation of backward-looking-center presents no special problems, but follows from the defini-
tion: The backward→ looking-center of the current utterance Ui is the most salient entity of the 
last utterance which appears in Ui, that is, the entity also in Ui which had the most salient role 
in Ui-1. 

Calculation of the transition type and automatic or interactive selection of the highest-ranking 
interpretation are also straightforward. 

Selecting an interpretation Once an interpretation has been selected, it is installed as the 
updated value of PAIRLIS using the transfer system function rws::install-key-value. 

Updating Then the global variables *forward-looking-center-of-1邸 t-utterance*and *backward-
looking-center-of-last-utterance* are updated, and the operation of CNTR is complete for that 
rule. (Rather than use these globals, future versions of CNTR could follow N agata's original 
concept in using DEFSTRUCT to create structures more suitable for long-range record-keeping.) 

3.6 Interaction with Other Resolution Rule in the Demo 

As mentioned, CNTR rules run alongside the older rules which implement e.g. Dohsaka's rules 
using honorifics. In fact, the current demo would not work properly without these rules. The 
present prototype demo works only for the 2-utterance sequence Da-6, Da-10 (transouts number 
6 and 10) -see the function RUN-DEMO (LB). 

In the demo, Da-6 can be treated as an initial utterance because all of its zeros are resolved via 
honorifics. At present, CNTR treats discourse-initial utterances containing unresolved zeros邸

errors. 

4 Current Limitations and the Future 

Two limitations now prevent CNTR from practical operation within the MSET corpus: 

First, the program lacks application of type constraints, and thus will allow type violations like 
"The application form will send me right away" into interpretations. The transfer system does 
have a typed variable checking facility, but it has been used only for preliminary experiments. 
Given the power of the facility and its potential usefulness in avoiding many ad hoc邸 pectsof 
current rules (see [Seligman 1993]), further experimentation might be worthwhile. 

Second, the system can resolve zeros at present only if the referents are in the immediately preced-
ing utterance. In the MSET, this often leads to resolution failure, because there are many short 
utterances likeはい whicheffectively separate zeros from their potential anaphors. Thus some 
sort of global model is required. However, it need not be elaborate, as [Takeda and Doi 1994] 
demonstrate. 
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FILE 

cntr.lisp 

TEXT 

(dt 6 , initialize-centeri1_1g t ,debug-centering t) 
(dt 10 , initialize-center mg  nil ,debug-centering t)) 

(defun rws, ,run-demo-interactive () 
(dt 6 , initialize-centering t ,debug-centering t) 
(dt 10 , initialize-centering nil ,debug-centering t , interactive-centering t)) 

......... 
128 ! ・・・*..... ** ••• * * * * •••••••• ** ..'* * * * *" *''* * * ** * * * ** * * ** **'* * * **'* * * ** * ** * * * * * * * * •• ヽ ＊＊＊＊

129 ! ．．．．．．．．．．．．．．．．．．．．．；；； 
130 i ....... Trr·• ,,, ・ ・ ・II. TRANSFER RULES 

';;; 

f3万“ ...'********'*. **" ****** ********************* ****'*******'*** **'............. *****. *** ....................... ,,  ヽ 9

133 i ............... , 
134 ; ・・・くくくく(TRANSFERSYSTEM BUG?? , ,, 

：：二：i'j~ ・・:; ; ;Rule removals must be executed BEFORE entering 
136 : 

.. , 
・; ; ; the definitions for replacement rules. 

二：｛昇::j ;; ; In reverse order, the replacement rules seem to be 
, ; ; ;removed as well as a side effect. 

(rws,, remove-rw-rule2'defv309) 

,;;940406 rule added for demo 
; ；； Commenting out centering rule for cannonical mset load. 
(rws,defrwschema2 center002 t t 

． 
"on (relnン持つー1 in ,PHASE ,J-E ,Type ,Default 

in= [ [reln持つーl] ; くく

.......... , ....... , ..... ; 

148 ! 
149 ! 
150 ! % 

I 51 ! 
152 ! 

.iぢ3・:
・rs,i, 
.. Tss"・, 
........ rs・5・1 

157 , 
1 ss .. l ．．．．．．．．．． 
159 ; ...................... ,)  

160 ! 

[aspt ?aspt] ; ≪added constraint 
[agen ?agen] 
[obje ?obje] 
?rest] 

(rws, , resolve-zero-pronouns-by-centering pairlis) 

OUヒ= [ [reln have-V-1] ;≪ 

encl" 

[aspt ?aspt] ;≪added constraint 
[ ageu ? ageu J 
[obje ?obje] 
?rest] 

.......... ! ・百r... , 
, ; ; ； Comment out or remove following transfer rule for den,o use of sentence Da-06 (no. 6 J 

162 ! , ；； ; replaced by center002 
; (rws, defrwschema2 defv309 V もっ
; "on (reln> 持つ—1 in ,PHASE ,J-E ,Type ,Default 

in• [ [reln持つー1]
[AGSN ?AGEN] 
[OBJE ?OBJS] 
?rest] ......、..............,、

169 ! ; out• [ [reln have-V-1] ..................... 
170 1 [ AGEN ?AGEN] 
I 71 i ; [ OBJE ?OBJE] ...................... 
172 ; ?rest] 

.............. , ..... , , end" I 

174' .................. , 
175 ; ....... , ;;; 
176 i 

二IfZJI rws, , remove-rw-rule2'clefv04 6) 
178 ! 

二it.1見］（エws,clefrwschema2 center003 t t 
I 80; ・"on <reln>送る一l in ,PHASE ,J-E ,Type ,Default 
I 81 1 ．． in• [ [reln送る一l]
I 82 ; [AGEN ?AGEN] .................... 
I 83 i [ RECP ?RECP] 『..................
I 84 i [OBJE ?OB,JE] 

..... ● ●●● ....... , 

I 85 ; ?rest] 

I 86 ! •················ 
187 も (rws,, resolve-zero-pronouns-by-centering pairlis) 

I 88 
189. out• [[reln sencl-V-1] ................. 
190 [ AGEN ?AGEN】..................... 

..... J.QJ.. [RECP ?RECP J 
.. [ 92. [OBJE ?08JEJ 
"YgT・ ?rest}  

·•··········· 
194 encl") 
195 ................... 
196 .............. ; ； ; Comment out or remove following transfer rule for demo use of sentence Da-10 (no.10} l闘...; ; ;replace by centcr003 

; (rws, clefrwschema2 defv04 G V おく
199 ; "on <reln>送岱一l in ,PHASE ,J-E ,1'ype ,Default 
200り・................ ; in• [ I reln送る一11
20 I ; [AGEN ?AGEN] ................ .. 
202 ; !RllCP ?HllCP] 

・203 I OBJE ?O!l.JE I 
... ..2.0J. ; ?rest} 
205・ 
206 , 

207 i 

; , ；; ； (d8-6)まず 2百字の要約を 3月20日までにこちらまでお送りください。
......... , ;; if inpll し .clcst•• input.recp then 
208 ; ......、...., ;; 
209 ! ; ; clclctc clest from ?input 
210 i ...... , ;; 

21 I' : ; ; encl1.f 
212 i 
21 3• ・ 
214 ;、 out• [ [rcln SCIIC]-V-J.J 
・--zrs・--1・IAGEN ?AGENJ 
:((6'. 

.. , , 
[I<ECP ?IIECP] 

[17, 
... ,, 

[OllJll ?OllJE] 
218. ; ?restJ 

...... 2.1..9 ... ;Oncl") 

gy;、・; - - - - - - - - - - - - -

222 ........ 
..... ..2.2.l .. ; ; ; For DISPLAY ONLY!! During demo running Da-06 and Da-10. 
........ 2.2 .. 4…. i、・;ADHOC RULE for setting RECP to HEARER for translation of DalO. 
...... 2.25... ;;;"Hell then, I'll scncl YOU a registration form." ...... 賛f; , ; "Also gut, ich werde IIINEN ein Anmelcleformular schicken." 

; , ・;Made unnecessary by centering progr11111s. For demo, commented out 
...... 228 .. ; ; ;-- not used, because not needed. 

229 ; ・ 
2}.Q ..';;[IR}'*'*'""女..""."  .....  *., ......... ,. .. ., .. ,. ヽ ＊＊＊＊＊＊＊

231' ; ; !IR};;; M-SET No.10 (cla-10) それでは、登録用紙をお送り致します．.. , 
232 , ............ , ;、 [IR};;; M-SET No.SO (dl-13) それでは、登録用紙をお迭り致しま
233 , ~ 

す．
; ; [IR};;; M-SET No.132 (clS-16) 後日プログラムと予堕,,ざお送り致します．

234 i .... ; ;; [IRJ ;;; M-SET No.206 (clS-21) では早速お送り致しェ』:_
235 ! ;;[TR]'**"""'*"'*ヤ'**'ヤ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊

・；（四恥 clefrwschema2 elps038 V RE .... 
....... 曹曹236曹 ' 

..... , ・" 
237 ,、 on (ob/e reln>送る一l IN , MOOD , DECLARATIVE 

: 23的； ＼＂動乍巫り詞の現在形の乎叙文の主語一ー＞一人称＼＇’
239 i ; in• [ [reln UNKNO加—IF'r}
240; ; [agen ?age11] 



PACE# 

3
 

[recp ?recpJ 
[ohje [ [reln送る一l] ;;;?action) 

[ aspt unrl] 
?rest] I] 

......... テ...., ... ,; 
246 ! ; ； if input.obje.agen•? [] and (?action•? $J送る一1or ?action•? $同封する一1)
247' 

・・・・・・ ● .......... , '  

• if input.obje.agen•? [] ;;;and ?action•?$送る一1

248' ・ ・then 
249 i・ input.obje.agen• input.agen 
250 ! ・ ... ZsT!'. endif 

●● ···············•·'' 

252 i ; ; if input.obje.recp•? [] and (?action•? $送忍ー1or ?action•? $同封する一1)
253 i・ 、 if input.obje.recp•? [] ;;;and ?action•?$送る一1
254 i ; then ..................... , 
255 , 

.. g5・! 
• input.obje.recp• input.recp 

・ ・endif .. 曹...曹..........
257 ; 

.. ,' 
258 i ; RETURN INPUT ........ ,.,. 公...., 

・;end") 

''.............................................................................. 大＊＊＊＊＊＊

‘’‘ ; ;; 

, ; ; III. CNTR MAIN FUNCTIONS 

.. , 曹.....-... , .. 曹...., "' 
266'・・・'*"'*'**'*"*"'""'"*"'*'**""*""*'"'""**"""'"""*"'""'"*""'" 

''iijf'・ '"' .................. , .. 
268; 

I 
......... , ........... .. ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;、,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

269 i ; ; ; IIL A. TOP LEVEL CONTROL .............. 
270 I 

.... .. ど?TlI I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
............... , .. 

272 
.. , 
i I I;==================================================================================== 

273i;;; IIIぶ .1. GLOBALS SWITCHES , .... , .. , .......... .. 
2 7 4 i・ ・ ・======================================== ======== ==================================== ..... ぃ......, ....、 "' 275 ! ................ .. 
276 I , (def var•forward-looking-centers-of-last-utterance• nil) ........ 万・,n

叩＂・訂 'if'!( defvar • backward-lookin g-c en ter-o f-l as t-utter anc e* n il ) 
279 ! 

(def var *interactive-centering* nil) 

(defvar *debug-centering* nil) 

(defun rws,, interactive-centering-on (I 
(setq•interactive-centering• t)) 

と~4 i 
295' ··•···············' 

(defun rws,, interactive-centering-off () 
296; .................. , (setq•interactive-centering• nil) I 

.... 297 ! .............. 
298 I (clefun rws, ,debug-centering-on () 
2匹・・・1

．．．．．．．．．．．．．．．．．．．．．； (setq *debug-centering* t)) 

300 i ·····················• 30 I • 
．．．．．．．．．．．．． ; (defun rws, ,debug-centering-off () 

.... 302 i ．．．．．．．．．．．．．， (setq•debug-centering• nil)) 
303 ! 
3叩 ・・・1; ; ;==================================================================================== 
3(i'5・・; ; ; III. A. 2. RESOLVING ZERO PRONOUNS BY CENTERING 
3-•-trl ; ; ;===••····••======•===============,,••===•=====•==•=···•=======•••=二＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝＝...................... 
307 ; 

．．．．．．．．．．．．．．．．．．． 

308 I ....................、 ; ； ; PAIRLIS is not global, and scoping is lexical, 
309 I ; ; ; so this function does not see PAIRLIS if not passed in 
.. J.J..Q ... j (de fun rws, , resolve-zero-pronouns-by-centering (mypairlis) 
...... }.l...1 .... 1 ;; (A) get all zero-arg-pairs and non-zero-arg-pairs for current utterance 
312 j 

・・・Jy3・; 
(let• ((zero-results (rws, , get-zero-and-non-zero-arg→ pairs mypairlis)) 

(zero-arg-pairs (first zero-results)) ...................... , 

3TI・1 
31 4 ! (non-zeェ・o-arg-pairs (seconcl zero-results))) 

•• 
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(if•initialize-centering• 
(progn 

(if zero-arg-pnirs 
(wnrninq "Found ZERO Al<GUMENT in OISCOVRSE-INI'l'IAL VT1'EI<ANCE. ~,centering algorithms may be distorted.")) 

(format t "・,rnrs'IALIZE-CENTERING'SETTING • FORI<AHD-LOOKING-CENTERS-OF-LAS'l'-VT'l'Ell駅CE• TO NIL.") 
(setq• forward-looking-cen tors-of-last~utter,111cc• nil) 
(format t .. ~,rnrTIALIZE-CEN'rERING I SETTING'IJACKWAIW-LOOKTNG-CEN'l'ER-Of-LAST-UT'l'ISR.'.NCE• TO NII』.")
(setq•backward-looking-center-of-las t-u ttcr,111ce• 11 il I 11 

(if•debug-centering' 
(progu 

(format t ,,~2'mypairl.is, ~s" mypairliol 

(format t "~2'• forward-J.ookJ.11g~co11Lor.s-of~J.11st一 uttcr.,,ncc•," I 
(rws, , p[>rin t-all-pa irs• fa rward~ look lng~con tors-o[-J..1.sl-11ttc«111cc• I 

, , i(lilst utterance wa,; the first i.n " cil.sco11r.sc, Lhcro wl ll J,c no Jrnckwar.d~lnoki.ng conしer.
(tormat t "~2'•backwi1rd-lookin9-contor.-o(-l.i1sL··11LI.or.,111cn•, —,•,') 
(rws, ,ppfs•l>ackwarcl-looki.ng-ccntor-of-J.11st-uH.llr.,111cc• I 

(format t ,,~2,zero-arg-p,1i.r.s of c11rr.011t uttcranc11, ~s~,,, ,.oro-、trg-palr.sl11 

(if•initialize-centering• 
; ; if initialize-centering, this is the first uttcr.,111cc ln a dl,1lo9ue ,;cgmcnt 
(let• ((unique-interpretation 

(rws, ,make-unique-interpretation myp11irli."I I 
(forwarcl-looking-cen ters-for-curronL-u Ltora nee 
(rws, ,get-intcrprotat.io11-cl.c111e11t u11i.quc-l11torprotatlon'(orw,1rd-J.00U11g-cc11ter,;111 

(if•debug-centering• 
(progn 

(format t "~,'"""UNIQUE IN1'EllPRE'l'ATION 0じ 1'IIIS INI'l'IAL V1"l'ERI¥NC8, • • • • • 貞貞-,") 
(rws,, pprint-interpreta tion unique-interpretation 111 

, , no need to modify pairlis 

；，・ (Al set 11ew•forward-looking-centers-of-last-utterance• to new, completed pairlis 
; ； the current utterance has 110 backward-looking-center since it is the first, 
; ； so•backward-center-of-last-utterance• will not be updated now 
(rws, , update-forward-looking-centers uuique~ interpretation I 

, , «<nullify• in tialize-cen teringヽ so that next t1ttera11ce will not 
; ; be treated as dialogue-initial 
(ms, , initialize-off 11 



.. -.. -......... , 

TEXT 

, ,Else this is not the first utterance. 
; ： Compute a U  possible i11terpretatio11s a11d 
: ： choose the interpretation which scores highest on transition hierarchy. 
(let* ((possible-interpretations 

(rws, , compute-possible-inteェpretations
zero-arg-pairs non-zero-arg-pairs)) 

(highest-ranking-interpretation 
(if•interactive-centering• 

(rws, , get-highest-ranking-interpretation-from-user 
possible-interpretations) 
(rws, , get-highest-ranking-interpretation 
possible-interpretations))) 

(forward-looking-centers-for-cuェrent-utterance
(rws, , get-interpretation-element highest-ranking-interpretation'forward-looking-centers)) 

(backward-looking-center-for-curェent-utterance
(rws, , get-interpretation-element highest-ranking-interpretation'backward-looking-center))) 

、,(A) install values from best interpretation into mypairlis 
，・,<くく(bewarescoping 
(rws, , install-interpretation-in-pairlis highest-ranking-interpretation mypairlis) 

(if•debug-centering* 
(format t≪~2もmypairlis after installation, ~s" mypairlis)) 

: ： (A) set new•forward-looking-centers-of-last-utterance* to new, completed pairlis 
; : (A) set !Jew•backward-center-of-last-utterance• 
; : (rws, ,update-centers mypairlis) 
(rws,, upclate-forward-looking-centeヱshighest-ranking-interpretation) 
(rws,, upcla te-backward-looking-centeェhighest-ranking-interpェetation))))

(if•debug-centering• 
392 i (progn 

..... }Q3,」 (formatt ,,-2も'forward-looking-centers-of-last-utteェ ance• after update,") 
.. 394 ! (rws, , pprint-all-pairs *forward-looking-centers-of-last-utterance*) 
395 ; (format t ,,-2 も •backward-looking-center-of-last-utterance* after update,") 
396; ........ 西ブi (ms, ,ppfs•backward-looking-center-of-last-utterance* J) J) 

398' ..................... ¥ ; : ; ;; ; ;; : : ;; : ;;; ;; ; ; ; ::: : : ; : : : : ; ; ; : : :: ; ; ; ;; ; ;;;;; : : : ;;; ; : ; ; ; ;; ;;; ; : ; ; 
399; 

"""4⑯ ＂！ 
; : ； III.B. GETTING ZERO AND NON-ZERO ARGUMENTS 

................. り..., ; ; ; ; ; ; ;; ; ; ; ; ; ; ;; ;;;;;;;I;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

401 ! 
402 I .. .. .... , ; : ； Retuェns (<zero-arg-pairs> <non-zero-arg-pairs> J 
403 l (defun rws,, get-zero-and-non-zero-arg-pairs (mypairlis) 

....... .. 4.9.4 .. .i (let• ((zero-arg-pairs 

....... ..4.9.~.. J (loop for pair in rnypairlis if (rws,, pair-zero-argp pair) 
406"・ 
407' 
408 r .......................、
409 ! .................. 
410 i ...................... , 
411' 

．．．可r:t・1
...... ●●●● ........... , 

413 i ............... , 
414 l ．．．．．．．．． 
....... 415 ! 

collect pair)) 
: ：くく<uote filteriug 
(filtered-zero-arg-pairs 
(rws,, filter-args-of-interest zero-arg-pairs)) 

(non-zero-a工g-pairs
(set-difference mypairlis zero-arg-pairs)) 

；：くく(notefiltering 
(fil tered-non-zero-arg-pairs 
(rws,, filter-args-of-interest non-zero-arg-pairs))) 

(list filtered-zero-arg-pairs filtered-non-zero-arg-pairs))) 
416 ! ................. " ... , 

; (defvar•args-of-interes ヒ''(?agen ?obje ?recp)) 

.............. , ..... ● .. , 
; : ； For both zero and non-zero args, we consider only 

420 ! ;; ;members of'ARGS-OF-INTEREST• as defined above. ．．．．．．．．ねT.. , 
, ; ； : Otherwise ?REST, ?ROOT, ?INPUT, and other features of PAIRLIS ....................... , 

,．．．．．竺?. ..i ; ;; interfere in centering calculations. 
423 l ...................... (defun rws, , fil ter-args-of-interest (list-of-pairs) 
424 I ......................、 (loop for pair in list-of-pairs 
425 I ......... , when (member (caェ pair)•args-of-interest*)
426 ! collect pair)) 
427 i 
428' . …, .¥ (defun rws, ,pair-zero-argp (pair) 

．．．．．．竺Q.. .i ;;(format t ,.~,pair is, ~s" pair) 
430 i ●●● ●●●●●● ・・・・・・..... , 

(let• ((pair-node (rest pair))) 
431 ! .......... , (and 
432 I .............、 (rws, ,nocle-p pair-node) 
433; （エws,,uull-node-p pair-node)))) 
434 i ......... 石.., ... , 

I (defun rws,, null-node-p (node) 
436; ................ （エws,, fs-equal node (rws, , read-fs-from-string " (]"))) 
437 I 

ニニせ尋...! ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ,';;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;',',,. 
439・ ; ; ； III. C. DC FINING INTSRPRETATION DATA STRUCTURE 

........ .4.4.9 ... 1 : : ; ;; : : ; ; : ; : : : : ; :: : : ; ; ; ; :'・：：：：：；：：：：：：；：：：：：；：；；：：：：：：；：：：：：；；：；：；：；：
441 

二三ヤ戌・・・1(clefvar •interpretation-elements• 
......... 1.1}]'((transition-type 0) 

444' (backwa℃ cl-looking-center 1) 

Ill,, こ冒::::門□二，''.'...... ,-,,,,n .... <••••• .. •-••-> 
ロニ+srJ (assoc clcmcn t-name • in tcrprcta tion-elemen ts• I I I 

........ 1.5 .. ? .. .J (defun rws, ,get-interprotal:ion-element (interpretation element-name) 
．．．．．．．蒻l,.'(let ((position (rws, , get-intcrpreta tion-elomen t-posi tion element-name))) 

..... ..1 (nth position interpretation))) 
455 ....................... 

......... 15..§. .. : ; ,'::::::::::;:: ;; : : : : : ; : : : : : : : ; : :: ; ; : ; : : : : : ;; ; ,'::;::;::: ,':;:::::;;;' 
.... .. 15] ... : : : III. D. MAKING A UNIQUS IN1'1mPRE1'A1'ION 4~ 各.; : :: : : : ; : : ; : :、・::::::;;;:::;::::::::::::::;;;;;;:::;:::::::;;;;:::;;;;
........... 
460 ...) (defun rws, , make-unique-i.n terprcta tion (mypa irlis) 
461 I (let• ((forward-looking-centers 
462 i (rws,, filter-,1rqs-of-interest mypairlis)) , ..... 祁3・1

....... (preferred-con tcc 

...... 4.~§J (rws, , get-interpceta tion-preferred-center forward-looking-con ters))) 
465 I ...... ......... 
............... .. 466 j ; ;MAKING UNIQUE INTEl1Pl<E'l'A1'10N 
467' .................... , 
468・. 

(I transition type is NO-TRANSITION, backward-looking-eenter is null 
(no-transition nil , proferrecl-ccnter , forward-looking-centers))) 

......... 16Q」

......... 1.7.9 ... i ;;;;;;;;;、・；：：：：；：；：：；：：；，・,:::、,； : ： : ： : : ： : : ::::::::;::::::::;:::::;;;;;; 

. 471 . ; ;，・II I.E. COMPUTING POSS IO LE IN1'ERPRE'rATIONS 

........ .47.s .. .i ; : : ; : : : : : : : : : : : : ,';:: ,'::;:::::: ,';::;::::::::::;;;:::;:;;:;:::;;:::::;: 
473 I 
474 I ....... .. 切,.,... ! 

...................... , 
476, .... 

; ； ; Pair format, (?case-tag . <uocle ftr str>) 
; ; ; Both zero-arg-pairs a ncl'forward-looking-centers-of-last-utterance• 
; ； ; have form (,ctr><ctr> ...) 

....... .. 1.7.Z ... 1 (defun rws, ,compute-possible-interpretations (zero-arg-pairs non-zero-arg-pairs) 
478, .................... ; (let* ((all-partial-interpretation-sets 

......... 1.Z.Q ... i (nrs, , get-all-partial-in terprcta tion-sets zero-arg-pairs)) 
480 ; (interpretationぶーwithouヒーnon-zero-args



LINE# 

..• 481 i ......... ・・・・・・・ 
482 i .................. ; 

... 483 ! ．．．．．．．．．．．．．．．．．．．， 

.... 4.8.4」
........ 485 ! ・・・・・・・・ 486; 

．． 

・・・・・・・・・・・・・・・・・・・・ 487 ! 
， 

•••··············· 
488. 

， 
·•·····•··········· 489. ................ 

490. ・・・・・・・・・・・・・・・・・・・ 
．．． 491 ! ．．．．．．．．．．．．．．．．．．、

492 i 

{<if! 
494; ．．．．．．．．．．．．．．．．．．．．．． 

495 ; 
····················• 
．． 496 ! ................. 
497 [ ......... 

498 ・・・・・・・・・・・・・・・・・・ 
499 ・・・・・・・・・・・・ ・・....
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".f"""~~"~~""""" 

TEXT 

(rws, , permu Le-all-partial-in terpreta tion-scts all-partial-u1 terpreta tion-sets))・ 
, ; filtering for corcference violations after adding non-zeェo args 
: ： sorting is suppressed 
(once-filteェed-interpreta tions-wi thout-non-zero-args 
(rws, , filtcr-coreference-violations-and-sort interpreta tions-without-non-zero-args)) 

(once-f il tered-i11 terpre ta tions-plus-11011-zero-args 
〈loopfor interpretation in once-filtered-interpretations-without-non-zcro-args collect 

(append non-zero-arg-pairs interpretation))) 
: ： re-filtering for coreference violations after adding non-zero args 
: ; this time, sort results by salience 
(ref il tered-i II terpreta tions-sorted 

(rws, , fil ter-coreference-viola tions-and-sort once-fil terecl-interpreta tions-plus-11011-zero-aエgs,sortt))
(au叩uented-ref il tered-in terpreta tions 
(loop for interpretation in refiltered-interpretations-sorted collect 

(rws,, augment-interpretation interpretation))) J 
(if•debug-cen terinが

(progn 
(format t ,,-2%;,;,; ;; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ;; ;; ; ; ; ; ; ; , ; ; ; ; ; ; ; ;; ; ; ,. ; , , ; ,. ; ; ; ; ; ; ; , , ; , ; ; ; ; ; ; ; , ; ;; ; ") 
(format t "―%Computation of possible interpretations STARTS.") 
〈formatt ,,~も；：：；：；：；：：：：：：；：：：；：；：：：：；： , : , : : : : ; : : : :: ; ; : : : : : : : : : : : : : : ; : : : : : : : ; : : : , ; : : : "I 
: : (format t ,,-2,all-partial-interpretation-sets, ") 
(format t "―2%in terpretations-without-non-zero-args,") 
(loop for interpretation in interpretations-without-non-zero-args do 

(rws,, pprint-all-pairs interpretation)) 
(format t ,,-2'once-filtered-interpretations-without-non-zero-args, ") 
(loop for interpretation in once-filtered-interpretations-without-11011-zero-args do 

(rws, ,pprint-all-pairs interpretation)) 
(format t "―2 %once-filtered-interpretations-plus-non-zero-args, ") 
(loop for interpretation in once-filtered-interpretations-plus-11011-zero-args do 

(rws, , pprint-all-pairs interpretation)) 
(format t ,,~2'refiltered-interpretations-sorted, ") 
(loop for interpretation in refiltered-interpreta tions-sorted do 

(rws, ,pprint-all-pairs interpretation)) 
(format t "―2も； ii::::::;;; ii;;:; ii:: ii ii:::;::::::: ii;::::;::;;: ii::::::: i;;::::: ii::::") 
(format t "―%Computation of possible interpretations ENDS.") 
(format t "ヽ：：：：：；；；；：；：：：：：：：：：；：；：: i; i:;::: i: ii; iii:::::::::: i;:;:: i;:::::;; i:;:;;:") 

(format t ,,-2屯"'"'"FORTHIS NONーエNITIALUTTERANCE, POSSIBLE INTERPRETATIONS ARE,"""―%") 
(rws, , pprint-all-interpretations augmented-refiltered-interpreta tions))) 

auginented-ref iltered-in terpreta Hons)) 

: ：、・ZSRO-ARG-PAIRSis list of pairs e.g. 
: : ： ((?agt . [ J) (?obj . [ J) (?recp . [ J)) --- for an utterance with three zero args 
: ： ; and•forward-looking-centers-of-last-utterance• is similar but with non-zero-bindings 
;;;((?agt. [fsl])(?obj. [fs2])(?recp. [fs3]) ...) giving a list of entities 

................. , ; : 1 (feature structuェes) [fsl] [fs2] [fs3] ... 
528, ;; ;This function returns all Partial Interpretation sets, where each PIS is a list of all 

529 ! ................. : : ： possible pairings of one case (or syntactic) role against all entities appearing in 
530 ; ; ; ; the previous utterance Ui-1. .................. , 

．．．．．．．． 53] l : ： : ((((?agt. [fsl])) ;partial interpretation 1 ;a partial interpretation set 
5 32 i iii ((?agt. [fs2])) ;partial interpretation 2 ;(cont) 
533 ; ................ ….. : : ： ((?agt . [ fs3]))) ; partial interpretation 3 ; (cont) 

534 i .................. : : ： <another partial interpretation set〉

535 i : ：： <another partial interpreta七ionset> ...) 
........ 5.36...1 (clefun rws, ,get-all-partial-interpretation-sets (zero-arg-pairs) 

537 i (loop for zero-arg-pair in zero-arg-pairs collect 
538; (loop for forward-looking-center in•forward-looking-centers-of-last-utterance• collect ................... 
539 : (list (rws, , bind-zero-arg-pair-and-forward-looking-cen ter ..................... 
540 ! ................... zero-arg-pair forward-looking-center))))) 
541 ........ 
542 ii I ZERO-ARG-PAIR looks like (?agt , [)) 
5.43 ;;;and forward-looking-center pair looks like (?obj . (non-empty ftr str)) 
544 ................ : ： : Result of merging is e.g. (?agt . [non-empty ftr str]), 

545 .....、........ : ：： where cdr of forward-looking-center replaces empty cdr of zero-arg-pair, (?obj . [non-empty ftr str)) 
..... 5-1.6... (de fun rws, , bind-zero-arg-pair-and-forward-looking-center (zero-arg-pair forward-looking-center) 
• 547 (cons (car zero-arg-pair) (cdr forward-looking-center))) 

548 

................... .. 549 ; ; ;Recursively com!Jincs partial interpretation sets into all possible 

...... ..5.5 . .Q ... ;; ;combinations of zero args and entities 
・・・・・・・・5・・5」...; ; ;Non-zero args aェe not yet included. 

5 52 un rws,, perrnu te-all-par tial-interpreta tion-sets (partial-intcrpre ta tion-sets) (clef 
55 3 ! (let ((output nil)) 
554 l : ： if ooly one partial-intrpretation-set (or none) return it only 

... . ..5.55 i (cond ((< (length partial-interpretation-sets) 2) 
556 , (first partial-interpretation-sets)) 

...... 5.57.__; ;;if 2 partial-intrpretation-sets, representing two zero ar<Js, e.g 
558; ;; ?agen and ?objo, bottom out and permute 
559 i ((equal 2 (length partial-interpretation-sets)) 
560 ! (let ((first-list (first partial-interpret,,tion-sets)) 

...... 56] ... ! (second-list (second partial-interprcta tio11-sets))) 
562 ! .......... (loop for x in first-list do 

..... 5.6{・, (loop for y in second-list do 
564 ! (sctq output (cons (append x y) output)))) 
565 i (reverse output))) 
566 ; 

ニ：t悶I ; ;else recurse 
(t (rwc,, permute-all-partial-interpretation-sets 

5 .. 69 i (list (first partial-intcrpreta tion-sels) 
570 ! (rws, ,permc1te-al1-partial-interpretaしci.011-seヒs (re.sic p,,rtl.al-i 11Lerprntutlo11-sets) I I I) I I I 
571 , 
572 ....... . .': : : ===============================================================>-====,•======= """ュ====
5 7 3';; ; I II. E .1. FILO'EllING CORE!'EHENCE VIOLATIONS 

........ 57● 41 ii、.=======•==•=============•===========•=•========= =•=•== == ====== ===•a==" a= oa" = = , == =•== 
575• 
576 i ;;;Input is a set of "bare" i.nterpretations -- not yet complete inlccrprclalion dilt.1 structures --

577' . ii、・whereeaeh interpretation is a list of pairs 
578_j ;;;e.g. (((?AGEN. #<Structure RWS;;NODE E30EEE>) ...) ((?AGEN. #<Structure lll<S;;NOO!s ls301"81C〉) ...) 
5 79 ! (de (un rws" fi ltor-eore (ereucc-v lolaヒions-and-sort (interpretation.s &key (sort nil)) :<くく 941207default is no sort 
580 , (let ((output nil)) 

…..... 5_81 , (loop for interpretation in interpretations <lo 
582 j (leヒ ((entities
583, (loop for pair i.n interpretation eolleeし

..... 584; (cdr pair)))) 
53・5・1 (if (not (rws,, fs-list-eontains-repetitions? entities)) 
586 i (if sort 
587 ; ;; if explieitly requested 
588 ;;sort pairs in this possible interprct,,tion by salience 
589 ! (let• ((sorted-pairs-for-interpretation 
590 ! (rws, , sort-case-based-paixs interpreta lion))) 
591 ; (setq output (cons sorted-pairs-for-interpretation output)]) 

.... .ヽ......, 592 i ;;if not, return the interpretation <1s it is 
593 ! (setq output (cons interpretation output)))))) 
594• (reverse au tpu t))) 
595• 
596; ........ …. (de fun rws,, fs-list-contains-repetitions? (list) 
597 i (let ((founM nil)) 

....... 598; (loop for x in list until found? do 
599・・1 ; ;equal does work for feature structures 
6・00 ; (let ((list-minus-x (remove x list , test I'rws" fs-equal))) 



TEXT 

6
 

found?)) 

I if () I一 (lengthlist) (length listーminus-x)) l) 
(setq found? t)))) 

'',',':: ,',':::: ,':: ,',':: ,',': ,':: ,': ,'::: ,':: ,',': ,': ,',':: ,':::: ,': ,',':::;;: ,':: ,',': ,',',',',':: ,'::::::: ,'::、,... 
; ; ； III, F, AUGMENTING INTERPRETATIONS 

i ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;,,、

汚・1; ; ;Input is a "bare" interpretation -- not yet a complete interpretation data structure --
....... .. i5T'b'"I : ; ; in the form (<pair> <pair> ...) 
＂＂．、も fT"!; ; ;Output is a complete interpretation data structure 

612 ! ; ；； of form (transition-type backward-looking-center preferred-center interpretation J ............... 曹......, 
613; (defun rws,eau叩nent-interpretation (interpretation) ......... 曹..........
61 4 i (let• ((preferred-center ........ 曹..........
615 ! (rws,, get-interpretation-preferred-center interpretation)) ................... .. 
616 ! (backward-looking-center 

............... 曹

617、
... 曹●ぢnr曹l

(rws, , get-interpretation-backward-looking-center interpretation)) 
(trausi tion-type 

619 ! (rws,, get-interpretation-transition-type backward-looking-center preferred-center))) 

IiqJ 
621 ! ........ む疫;

; ； returning auヮl¥ented, complete, interpretation 
(list trausition-type backward-lookiug-center preferred-center interpretation))) 

......... 釦!'l'I
"● ●● ● ●●●● .............、

62 4 I ; ; ; ==================================================================================== ........ ….............』
62 5 ! ; ; ; III. F .1. CALCULATING PREFERRED CENTER 
62 6 i ; ; ; ==================================================================================== ........... 公,...... , 7, 

(de fun rws, , get-interpretation-preferred-center (interpretation) 
(cdr (rws, ,get-most-salient-pair interpretation))) 

..... , .. , ...... 
631 i ;;;CASE-BASED pairs have e.g. ?agen as car. ....................... 

,,,§ 含.?... / ; ;; SYNTAX-BASED have e, g, ?subj. 
633 ! ;;;If input list-of-pairs is case-based, this function 、,.................. . 

634• ........ 蒻5'(; ; ; converts to syntax-based internally 
; ； ; to enable sorting by syntax-based salience ....................... 

636' .................. , ; ; ;Always delivers case-based output. 
637'(de fun rws" get-most-salient-pair (list-of-pairs &key (input-type'case)) 

638 i ................. , (if (equal input-type'case) 
639 ; ; ; sort-case-based-pairs .... .. , 

i ヽ• internatlly converts into syntax-based for sorting 
;; and then back to case-based for output 
(first (rws,, sort-case-based-pairs list-of-pairs)) 
(first (rws, , sort-syntax-based-pairs list-of-pairs)))) 
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, , ;Internally converts to syntax-based list of pairs, 
111 sorts according to syntactic salience, and then 
11 ;reconverts to case-based, preserving ordering. 
(de fun rws, , sort-case-based-pairs (case-based-pairs J 

(let• ((syntax-based-pairs 
(loop for pair in case-based-pairs collect 

(let• ((case (car pair)) 
(syn tac tic-function 
(rws,, get-syntactic-function-for-case case))) 

(cons syntactic-function (cdr pi!irJ)))) 
(sorted-syntax-based-pairs 
(rws,, sort-syntax-based-paiェs syntax-based-pairs)) 

(sorted-case-based-pairs 
(loop for pair in sorted-syntax-based-pairs collect 

(let• ((syntactic-function (car pair)) 
(case 
(rws,, get-case-for-syntactic-function syntactic-function) J J 

(cons case (cclr pair) I I 111 
sorted-case-based-pairs)) 

(defun rws, , sort-syntax-based-pairs (syntax-based-pi! irs J 
(sort 
syn tax-based-pairs 
!'rws,, center-salience-greaterp , key !'first)) 

........ .. , ふ........, ,、；current simple format for a center, or entity, (?case-tag . <node str〉)
671 I ;; ;S'hus *forward-looking-centers-of-last-utterance'becomes a subset of pairlis -- same forrnilt. 
!>t乞J;; ; (?a gen ?obje ?recp J 
673 . i 
674 ! (defvar *center-salience-ranking• nil) 

"""'5万 ・1
”••も危'! ;; ;Map cases into syntactic functions. .....................、
677 ! ........ 窃8'1; ; ; This mapping is inc~mplete -- for 

;; ;demonstration only -- and does not i!ddcess problcms of ..................... 
679 I ....................、 ; ; ; ambiguous mappings 
680; ........... .. 
681 ! ;;;Walker et al use this hierarchy, topic ,empi!thy ,subj ,obj2 ,obj 

6叙I
"""'"'"'"'"' 

; ； ;'(?agen ?obje ?recp)) 
(setq•center-salience-ranking• 

'(subj obj 2 obj I I 

・5si, de (var•case- to-syn tac tic-func t1on-mappi 11< 
••• 約 r・:('((?agen subj) 
,688' (?obje obj I 
689 

"'"""""" 
(?recp obj2 I I I 

、15¥lQ
691 (dc[v,,r•syntactic-function-to-c,1soー11111pplng•"□ 15¥i各:::'((subj ?ngcn) 

..... §Q.t. (obj ?obj c) 
694 (obj2 ?rccp))) 

塵蒻...(dcl'un rws, ,get-syntactic-functionーfor-c11sc (c11sc) 
697 (second (assoc case•casc-to-syntacti.c-funclion-mapping• 
6翁... ,test l'equal))) 

□□9蒻::(de(un rws,, get-case-for-syn tact le-!'unction ! syntacti.c-(nncti.011) 
70 !'"'(second (assoc syntactic-fuuc ti.on• ,syn tac tic-tune tion-to-case-mapping• □:］麗::，：test I'equal))) 

"""""""'"" 704 I 
I 

(defun rws, ,center-salience-lessp (centerl ccnヒc<r2)

705・ （く (length (member centerl•ce11ter-sa.lic11cc-r 、,11king女））
＂“グ蒻"'! (length (member center2 •ce11ter-salie11cc-r,,nki11g•)))) 

'"""""""'"" 707 l .................. 
708 i (de fun rws, , cen ter-salience-grea Lerp (cen tcrl ccn tcr2) 
709 1 () (length (member centerl•ce11 ヒer-salience-r11nk ing•)) ....................... 
710' ， (length (member center2•center-salience-ranki.ng 々)）））....................... 
71 I i 

........ ブr匹；；； ===========~======================================================================== ........ …...........、
71 3 I ; ; ; I II. F. 2. CALCULATING BACKWARD LOOKING CENTER 

.......'j"j",j"'j ; ; ; ============================= === ====== = = === = === ========== = ===== == == ======= ==== ==== == 

.. ff・ダl

...... ffi,"'I ;;;Input to this function is a "liare" interpretation, i.e. a list of pairs 
.... o/TT! ; ; ;Backward-looking-center of the curェcentuttcr11nce Ui is the most 
＂“グfif'i; ;; salient entity of the last utterance which appears in Ui, ................ .. 
719 i ; ；； that is, the entity also in Ui which had the most salient role in Ui-1. ............. 曹........, 
720 I ;;;Output is this entity, a feature structure 
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LINE# TEXT 

721 i (defun rwso,get-interprctation-backwnrcl-looking-cenler (interpretation) 
722 i (let< (;;list o[ fe,1ture structures 

＂曹曹曹•へ·· •• ••• ••• 723 i (entities-in-this-interpretation 

724 i (loop for pair in interpretation collect 
(cclr pair))) 

;,•list of feature strucヒures
(entities-in-last-utterance 
(loop for pair in *forward-looking-cellters-of-last-utterance• collect 

(cdr pair))) 
; ; list of fe,1 ture structures 
(en ti ties-in-last-utterance-also-in-this-interpretation 

(intersection enti ties-in-last-utterauce enti ties-in-this-iuterpretatioll 
: test I'rws,, fs-equal)) 

(pairs-i11-last-utter a nee-also-in-this-in terpre ta tio11 
(loop for entity in entities-in-last-utterance-also-in-this-interpretation collect 

(rassoc entity• forward-looking-centers-of-last-utterance• , test I'rws, , fs-equal))) 
(most-salient-pair-in-last-utterance-also-in-this-interpretation 
(rws, , 9et-most-salien← pair pa江 s-in-last-utterance-also-in-this-interpretation))) 

(cclr most-salient-pair-in-last-utterance-also-in-this-interpretation))) 
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~9.9.‘ 
,．,＇、

,ヽ,BACKWARD-LOOKING-CENTER and PREF.ERRED-CENTER are feature structures of the current utterance 
ー...., バ・・・・・"・・・・'746 ! ; ; ;Do not confuse•backward-looking-center-of-last-utterance• with 

••••••••• ●曹......
747 ! ; ; ;the BACKWARD-LOOKING-CENTER of the current utteェanceUi, which is input to this function. 
74§」(defun rws, , get-interpretation-transition-type (backward-looking-center preferred-center J 
749 i ;、・If this is the first utterance of a dialogue segment, there can be no transition. 
750 ! 
・1ぢT・・1

(if• initialize-cen teeing• 
'no-transition 

・・・・・. 曹........曹”752 , ; ; If this is not the first utterance of a dialogue segment, .......... 曹....曹...曹..., 
753';;in  the special case of a second utterance, •backward-looking-center-of-last-utterance• 
754' ; ； will be nil. Note that this is treated as a continuation of backward-looking-center from Ui-1 to Ui 

＂曹・・・・・・・・・・・・・--
75 5 I (if (or (null•backward-looking-center-of-last-utterance•) 
7森'! (rws,, fs-equal backward-looking-center•backward-looking-center-of-last-utterance') J 

.................... 曹』

757 ! (if (rws, , fs-equal backward-looking-center preferred-ce11ter) 
こ］狂社をl 'continue 
759;'retain)  
760j (if (rws,, ts-equal backward-looking-center preferred-center) 

'smooth-shift 
'shift) I I I 

........... ・・・・・・・・・..................... •· 
叫...., .... , ........ . ヽ ヽ"""""""'ヽ""ヽヽ".ヽ'""ヽ 9 9ヽ ヽ"" " " "ヽヽヽ""""'ヽ 9 ヽ"ヽ", 9ヽ ヽ""'、,、,、、,'''

765 ! ;;; III.G. SELECTING THE INTERPRETATION WITH THE HIGHEST R瓜 KINGTR邸 SITIONTYPE ・ぃ.........曹........曹曹●
766 ! ......... 曹曹..... ... , ; ; ；、.; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ;; ;; ; ;; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;' 

.• 767 , 
768 i .. •a=a=aaaaaaaaaaaa=aaaaa==a=aa=aa=====aaa==aa=aaaa=aa===a=aa==aa=a=aa===aa=a==a=aaa=a= 
769; ;;; III.G.l. automatic selection 

・・・・・・・・・・・・・・・・・・・・・・・ 770 ! ·•·••·•• ••••• 曹曹..●● •• , 
; ; ; 

771 i 
772 i ; ;;Each POSSIBLE-IN'rERPRETATION is of the form 
773 i ; ; ; (transition-type backward-looking-center preferred-center bare-interpretation) 

・・・・・・・ い・・・・・・・・・・・・・・77 4 ! (clefun rws, , get-highest-ranking-interpretation (possible-interpretations) 
・・・・・・・・・・ 曹...........775 t (first 
••·••·•••••• • 曹・ 曹曹.,776• (sort 

777j possible一ュnterpretations
i'rws,, transition-type-preference-greaterp ,key I'first))) 

(clefvar•transition-type-ranking• nil 
"'fhe preferred ranking of transition states") 

782 i 
783 , (setq•transition-type-ranking• 
784 I'(cont.inue retain smooth-shift shift no-transition)) •.••••••••••••• 曹●．、
785 l ............... 
786 , ., I de fun rws, , transition-type-preference-lessp (sta tel state2) 
787 i (declare (special•transition-states-ranking•)) 
788 i (assert (and statel state2)) 
789 ; 〈く (length (member statel *transition-type-ranking*)) 

••••••·••••••• 曹●●• 790 i (length (member .st,1te2•transition-type-ranking•)))) 
791 , 

792' (cle fun rws, , transition-type-preference-greaterp (sta tel sta te2) 
793 ! (declare (special•transition-type-ranking')) 
794 i (assert (and statel state2)) 
7郊 ・・・1 (> (le11g til (mem!Jer ,, tc, tel• trc,nsition-type-ranki119•)) 
ニ翡阻l (le119til (member s ta te2 * transition-type-ranki119•)))) 

798・・・・・aaaaaaaa=aaaa_,こ二＝＝＝＝＝二aa=aa=aaaaaaaaaaa====aaaa=aaaaa=aaa=aaa=a=aaaaa=aaaa=aaaaaaaa
799; ;;; III.G.2. interactive selection 
800 • • • aaaaaaaaaaaaaaaaaaaaa二,=aaaa==aaaaa=aaaaaaa=aaaaa=aaaa=aaaaaaaaaaaaaaaaaaaaa=aaaaaaaa

801 I 

.... .§9.2 I (clo(u『1rws, , get-highe,; t-ranking-interpretation-from-user (possible-in terpreta lions J 
登9}曹! (let'I I response nil) 
804 (so.l.ecti.on n;11 

••J<'f~I (.sor.tocl-intcrl'rntation.c. 
806. 

, .・・so;; 曹I (sort 
possible-in torprc ta tions □ ~Q忍j I'cws,, trnnslti.011-type-prcfcrcnce-grcatcrp ,key I'first)) 

809 (111.n,i!Jcr-ot:-i.nt.orprctations (length sorted-intorpretaしi.ons)))............... 
810. 
81 I (for.mat t ,,-2'1.POSS llll,IS IN1'ERP!lET/¥TIONS (DELOW) ORDERED BY 1'RANSI1'ION PREFE!lf'.NCE,") ~•.cr·I I rws''ppr.int-all-in tcrprc tations sorted-in torpr.cta tions) 

813 ((orm;,t t ,,-2'POS.'Jllll,E IN1'EllPIH<'rATIONS (AOOVEJ ORDERED BY 1'RANSITION PREFEIUONCE,") •••.• 曹●● •• 曹●● ● 

814 ........... 曹...曹・・II (format t ,,-2'5El,EC'l'DY'l'YPING NUMBER, ") 
815 (sctg response (rい、ICI))

···li··~···I (loop until. (nncl (;ntcgorp response) 
()" response 1) 

818 I ((a rcspon.se number-of-interpretations)) 
・sr5i・1 

•. こ訟）：：l 胄。rmat t ,,-1.!lESPONSE MUS'r BE INTEGER FROM 1 1'0 ~s." numbcr-o(-intcrprntatio111>) 
821 (format t "~nselec t by typing number, ") □ i:{;/Ij I sctg response (read) J) 
823 , (11th (1- response) sorted-interpretations))) 
824 ! 
825 i ;, ・；；；；；、・；；；；；； ;;;;;;;;;、・,曹； ; ;; ; ; ; ; ;'・；；；；；；；；；；；；；；；；；；；；，';;;;;;;,''",

826';;; III.II. UPDATING l',¥IRLIS 
：翌乞：! ;;;;;;;;;;、・;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

828 ! 
8291 (defun rws,, Lnstnll-i.nterpretation-in-pairlis (interpretation mypairlisJ 
830 , (lot (I forward-lookinc1-ce11ters 
831 ! (rws, , get-in tocpreta tion-element interpretation'forward-looking-centers))) 
832 ; (loop (or pair in forward-looking-centers do ..... 

_§}}」 Ilet ((case I first pair)) 
834 I ................ (value I rest pair))) 
835 ; 

：誓靡1.........•.........• 
(rws,, install-klly-value case value mypairlisJ J J)) 

....... 曹● ···•····························•••• ""  "ヽ 9 ヽ""ヽヽ'''ヽ". 9ヽ ヽ"" "、、"ヽ""" " "、,、、"'ヽ 9 9ヽ ヽヽ""""''
838・ ; ; ; III. I. UPDATING• FORl•JARD-LOOKING-CENTERS-OF-LAST-UTTERANCE• 
839 ; ................ , ; ;、・;、・、．，曹;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

840 , 
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TEXT 

(de fun ms, , update-forward-looking-centers (interpretation) 
(let ((forward-looking-centers 

(rws, , get-interpretation-element interpretation'forward-looking-centers))) 
(setq• forward-looking-centers-of-last-utterance'forward-looking-centers))) 

・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ ヽヽ ヽ 9 ヽヽ 9 ヽ",,ヽヽ 9 ヽ,,ヽ"ヽ",, ,, ,, ヽ ヽヽ,,,,,,,,,,,ヽ"ヽヽ,,,, ヽ ヽ"ヽ 9 ヽヽ",, " " 

; ；； III .J. UPDATING *BACKWARD-LOOKING-CENTER-OF-LAST-UTTERANCE• 
; , ,'iii iii iii iii iii ii;; iii iii iii iii iii i Iii iii iii iii iii ii;;;; i; i; ii,,,, 

(clefun rws, , update-backward-looking-center (interpretation) 
(let ((backward-looking-center 

(rws, , get-interpretation-element interpretation'backward-looking-center))) 
(setq *backward-looking-center-of-last-utterance* backward-looking-center))) 

--....... . 
855 ; 
856 i ; ； ; encl of seliginan file 
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DATE 

TIME 

惑冦陶疇麟．•ぶ訂麟晶疇·••·.··.··

TEXT 

(in-package , user) 
; ; ； loads rule.set for all. 921028. euc 

・・＊＊＊＊＊責

; 11LOADING 
・・・........白......, ............ , ..... 貪＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊責＊

’‘’ 
; ; ; load transfer system 
; ; ； have to do this before mentioning rws,, 
(load "/usr/project/ asura/develop/translation/transfer/load-basic. lisp") 

; ; ； load printing fns for output 
(load "~/aux/readfns.lisp") 

; ; --------------------------------------
、;; In loacl-mset.Hsp is a loop、loacli叩
; ； ;my own (usually changed) files from 
; ; ; "/home/selig,uan/transfer/ェules/grammar-mset/" 

; ； ; 7/30/92 substituting a single file containing all rules 

(defm> loacl-tェules () 
(rws, ,remove-all-rw-rules2) 
(load "―/transfer/rules/all. euc")) ; くく<renan,edwas all,921028.euc ............. てい．．．．，

二：二：：t虎I, , , -----------------------------------------------------------------------------
2& ...................... 
29 (defun loacl-anouts () 

二：：二3互：：I (setq fs (rws, ,push-fs-from-file 
...... 3'2" 31 "/usr/proj ect/asura/devel?p/translation/transfer/mset-clemo. fix"))) 

: 二n••• l , , ,-----------------------------------------------------------------------------

口

1;; shortct1t 
. (defun load-trules-ancl-anouts () 

"'""""'"'"'"" 
371 (loa<l-trules) 

二：：：二固亙, (load-anouts)) 

, .. IQ .. I 
'"'"''';j''j'"'j 

40 (load-trules-and-anouts) 

'"'"""""""'""' 

42・ ・ ・ ――-----------------------------------------------------------------------9ー"""""""'"ヽ43" 
ニニ§{:I;; ; alters printout of tr an fer results, yields proper "loop" format for generation input 

""'● """""'""'' 
45 l (load .,-/transfer/fns/debug-patch. lisp") 

......... 1~ 
47 

""""""靱＇＂
; ; ； ffssures new version of this file 

""'一"""栢"'
; ; ; ****until 1/12/93 (load "/home2/nadine91/transfer/rws-v2/engine/transferl. lisp. 9201") 

"'""'""'"' 

"●  ...  59. 
I ; ;; (load "/home/selig,nan/ヒransfeェ/rws-v2/engine/transferl.lisp. 9204") 

51 ;; ; same as above -- avoids extraneous pェintedmaterial in outdata file 
'"""""''"'""''' 52 (load "-/tェansfer/fns/tェansferl-patch,lisp")
"'" """'" 

53 1J ,,, ..................................... ., . .,. 責.................................
""'5グ"';,,, 

, ・ ・EXECUTE 

: ロニ筵;", 
，........................................... 古*****"*****'**''*"***'"'"*''"'

............ :i.Q. j 111c1o transfer 

................... 1 60" 11; 94/03/03 adding initialize-centering key 
61 l ;1;9•10311 ackling key args foヱ interactiveand debug-centering 

62 I 
"'"""'印!

;;;beware errors -- some changes made (fixed?) in transェferfns.lisp which should be here instead 
(defun dt. (ntunber <key (debug-transfeェnil) (debug-centering nil) (initialize-centering nil) (in teracti ve-cen ter ing nil) J 

64 iniヒialize-centcnng
二二§瓦：I (if (rws,,initiali年 on) ;setq 直itialize-centering• t 

........... .. 荀...・ 66 (nrs,, initialize-off)) ;setq •111 ュtュalize-centering* nil 

"" """"""' 
68 (if debug-centering 

二□，:!¥I(:I (nrs, , clebug-centering-011) ; setq•ctebugCcentering• t 
二□屑：I (rws, ,debug-centering-off)) ,setq•debug-centering• nil 

''73"' 
(if interactive-centering 

"'""い'"'j'4"'
(setq•interactive-centering• t) 

''"'75" 
(setq•interactive-centering• nil)) 

76 (if debug-trans fer (bし1g-on)(bug-off)) 
""""""力... (let ((a11011t (nしh (1- 11umber) fs))) 
~．~心""'筏:.. (rws,,trans anout))) 

し） 1 ;;do multi.-tr<111sfor 
(clofun cl111t (start oncl) 

: 二::l『I(rws:: tr,1ns-ran90-exec fs start encl nil)) 

．．こここ：·••:::1 / ;;'"" "'"'"" .................................... 會＊● ....  ● ● ..............  ヽヽ・
:•::•It :: :: ~~ 密.~ し:'!.1:1:限・.・・...・..........................................ヽ............ 

89 (clo[un <l<1l1119t () ............... 

：：：二gf
90.. (rws, :cloht19-t.rnns[er)) 

gi"• • ・pr.lnt, L ,ヽ, ・r.11,,ac,r. r.111.c> .............. 
93 (do fun pl.r. (rnl.o) ............... 
94'" (r.ws: ,prlnl:-rn-rulo?. r.ul<>)) ．．．．．．．．．．．．． 

二：：：蒻： (clofun IH><J-on (I 
; (sotq nw,: •do\Ju9-tr,11wfer-iupuいし）

ニ：羞.. (sotq r.ws,: •clol111g-tcansl'.cr• t) 
gg・ (sotq t・w.s:, •cloln19-app.ly-rw-rulc• t) ・..........
100 (sotq ms,: •<101>119-rcwdtc-subfs* t) ;<くくくnil)

""''i"b'f'" (sotq rws:: •cloln1g-fs-nli1tch• t) 
"''i泣.. (sct:q z:ws, :•,lel>ug-para111etor-settiu9• nil) 
..... T63''(sctq r.ws,: •preforonco-fl.g• nil)) 
.... Tがr................ .. 

) 05 (clefun 1>11~-o 口 ll
""'J'i泥.. 1 (sctq nrn:, •clelrng-transfor-input• t) 
ニコ翌：：I (setq rws,, •delmg-transfor• t) 

) 08, (setq rws:: •dolm11-apply-r炉rule• nil) .................... .. 
.... .. J.Q.Q...J (setq i·ws,,•deb し,g-rewrite-subfs• nil) 

) 10 i (setq 四 s,:•clebug-fs-match• nil) 
......... 1···1·T·• 
................... 1 ・(setq rws:: •dci>ug-para111eter-setting• nil) 

I 12 I 
.TT3・・・ 

(setq ms:: •preference-fig• nil)) 

.................... 
114 (defun input-on () ......... 
I I 5 .... n.6・・. I (setq n,s., 貪 debug-transfer-input• t)) 

．．．．．．．．．．＂．．．． 
I 17 (defuu input-off () 

"""'"'i'Ts":I (setq rws I I•deb し19-transfer-input• nil)) 
.... T'f!i ................ 

I 20"・1 ; ; ; as in clobug-pa tch. lisp --repeated for easy reference 
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LINE# 

121 
.. T四 I'; (clefun loop-on () 

.•. i万 ・・1; (setq rws,,'debug-transfer-loop-format• t)) 

・r四“
・・・・・・・r芝.,.. ; (defun loop-off () 

, ···•·Ti6 ... I; (setq rws"*debug-transfer-loop-format• nil)) 

·····•·j万...

二J廷I; ,, くくくくくくくくく<careful!I l 
129 

........、·············•.
(setq rws,, •out-pathname• "-/transfer/outdata/") 

・・・・・・'迎．．131 ..... T我・・・,J ; ;; as in debugl. lisp --repeated for easy reference 

・・・・・・・nす'
; (defun user, ,open_output (&optional (filename "ldbg_outl")) 

・・・・r四... ; (setq rws, ,*out_fullpath• (merge-patl1names filename rws, ,•out-pathname•)) 
・・・r窃..1 ; (setq rws"•rnsg_print__p• t)) 

二：：：：｛翡:1;(defun user, ,close_output () 

•...... i・蒻・・,, ; (Setq rws: ,*rnsg_print__p• nil)) 

．：：二：D翌cl; ; ; shortcut for lllaking transout files 
140 (clefun transouts-on (file) 

・・・・・・T可＇＂I 
・・・・・・・・・・・・・・・・. ; (input-off) 

142 ···••j布I (loop-on) 
(open output file)) 

........ ..!..44..! 
・・・・・・・・・・・ 

145 i (defun transouts-off () ．．．．．、
146; .. ・・・・・・・・・・・1 (input-on) 
147・..... 1 (loop-off) 
148 I 

●●●●● ヽ·····••···········
(close_output)) 

149; 
・・・・・・・Tぢo・・・i
・・・・・・・・・・i・sr・・1 ; ; ； 9/30/92 

・・・・・・・・・rs・r1 . ; ;;revising, y/n ntunbers? replaced by start-no 

・・・・r戻nl (clefun mytrans (start end file &optional start-no) 

.••.. , . ., 可l (if (probe-file file) 
(delete-file file) I 

(trausouts-011 file) 

;；； write unnumbered transouts to output file 
(dint start end) 

;；； add nun1bers to output file 
(if start-no (copy-loop file file start-no)) 

(transouts-off)) 

,;•享 ··.,·.i",;",'f.'.'i距唸．盛．臣舘紐｀＾••投",',',.

TEXT 

TIME 
I 

芦恙―•―: .--,-咄
7:37:36 am 

点'"盈'芯執望'・・ 翌？翌.>泣工

..''****'*"**"*****'********'*** "*'****** ****'***'** *'**'.................... "ヽ
; ;; REMOVE RULES 
・・・＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊え＊＊＊＊＊＊＊・..........,''、

170 i ・・・・・・・・-r1--i・・・・・ 
・・・・・-rグ芝＂：

j (de fun rr (rule) 

・・・・・・・-rグ'li, (rws: :remove-rw-rule2 rule)) 

···········•··•········· 174 i (clefun remove-all-rules () ．．．．．．．朽屯・・1

・・・・・-rグも．．．！
(rws, :remove-all-rw-rules2)) 

·····················••; 177 
・・・・-r, 咆・,i (defun rulep (rule) 
．．．．．．．．．．．．． (rws: : find-rw-rule2 rule)) 
179 i 、大ぅ、．．．，
I 

・・・＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊・●''*""".. , ....... "'..  ,, ..... .. 

‘‘’ , , ; ; CENTERING ................................................................................ ,, , 

(load "-/trausfer/fus/naga ta. lisp") 

! 
....................... ! 
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